ABSTRACT -Persimmon anthracnose has been a great concern to Brazilian producers. this study aimed to identify and characterized the causal species from Brazilian persimmons by assessing morphological and molecular characteristics and pathogenicity tests. Five fungal isolates obtained from diseased twigs and fruits were identified as Colletotrichum horii, based on morphological characteristics and nucleotide sequences of itS region. inoculation tests revealed that the fungal isolates caused necrotic spots followed by defoliation of leaves, blight of twigs and buds of potted persimmon plants. Index terms: anthracnose, Colletotrichum gloeosporioides, Diospyros, Koch's postulate.
1 (trabalho 044-14) . Recebido em: 12-02-2014. aceito para publicação em: 08-05-2014. 2 Federal university of Paraná, agricultural Sciences Sector, Department of crop Protection. e-mails: maydemio@ufpr.br; fadass@ gmail.com; renatoblood@yahoo.com.br; jo.gomesfigueiredo@gmail.com http://dx.doi.org/10.1590/0100-2945-044/14 the causal agent of persimmon anthracnose was previously identified as Colletotrichum gloeosporioides (ZHang et al. 2005 ) based on morphological characteristics. Recently, Weir and Johnston (2010) , studied isolates of C. gloeosporioides group species from new Zealand, characterized and neotypified as Colletotrichum horii based on genealogical concordance Phylogenetic Species Recognition (gcPSR). anthracnose disease caused by C. horii results in considerable economic damage to sweet persimmon (Diospyros kaki L.) in Japan, china and in southern Korea yearly (KWon et al. 2013; WeiR e JoHnSton, 2010; xie, et al. 2010; ZHang, 2008) . in china, Zhang (2008) reported persimmon anthracnose causing twig blight, leaf defoliation and tree death in the chongan area of Zhejiang province.
in 2009, Brazil came in the fourth place in the world rankings with 173,300 tons, behind china, Japan and South Korea (vieiteS, 2012) . the major production states in Brazil are São Paulo, Rio grande do Sul, Paraná and Rio de Janeiro (PeReiRa; Kavati, 2011) .
the Plant Pathology Laboratory of the Federal university of Paraná obtained samples of anthracnose on persimmon twigs and fruits with the same symptoms described by xie (2010), which was not common until that year (2006) in Brazil. Local growers were unfamiliar with those symptoms and reported reduction in the local persimmon production, causing serious economic losses in several municipalities of the metropolitan region of curitiba, state of Paraná. L. L. M.ay de Mio although this disease has been present in Brazil since 1940, to our knowledge, no studies have been published regarding the pathogenicity of the isolates on twigs and leaves or identifying the species of the pathogen in Brazil. the correct identification of this pathogen will be useful for future epidemiological studies aimed at managing the disease in the field. The goal of the present study was to confirm identification of Colletotrichum species and to prove pathogenicity of the isolates causing twig blight and defoliation in Brazil.
Five single-spore isolates were obtained from anthracnose lesions on the persimmon twigs and fruits cv. Fuyu collected from different municipalities of the state of Paraná, Brazil. the isolates were named as eMco7 (collected at 25° 46′ 12″ S, 49° 42′ 57″ W -Lapa), EMCo11 (25° 12′ 21″ S, 49° 6′ 54″ W -Bocaiúva do Sul), EMCo12 (25° 21′ 57″ S, 49° 4′ 37″ W -Quatro Barras), EMCo13 (25° 27′ 32″ S, 49° 31′ 40″ W -Campo Largo) and EMCo14 (Quatro Barras). isolates eMco7, eMco12, eMco13 and eMco14 were derived from the diseased twigs, while isolate eMco11 was from the diseased fruit. isolated fungi were grown on PDa medium for 7 days at 25ºc and 12 h light/dark photoperiod.
Morphological characteristic of each isolate was performed to determine the species according to the methods described by Weir and Johnston (2010) . colonies on the PDa plate with margin initially white to grey and dark grey over time, fluffy surface and cottony aerial mycelium ( Figure 1a ). Regular margins that formed concentric zonation showed olivaceous black on reverse. after one week, the colonies reached a diameter of 45 -65 mm, hyaline, cylindrical with obtuse apex, non-septate, smooth, size ranging from 16-22.5 x 4.5-5.5 ( Figure 1B) . the optimal temperature for the mycelium growth was approximately 25°c, and higher temperatures inhibited its growth. colonies of C. horii were typically gray or pale gray in appearance (xie et al. 2010; WeiR; JoHnSton, 2010) . the results of culture studies showed no distinct differences in characteristics among the isolates tested in this study. the conidial size of C. horii has varied in previous studies from 18.5-21.5×5.7 μm (XIE, et al. 2010), 15-21×4-5.5 μm (WEIR; JOHNSTON, 2010) .
For nucleotide sequencing analysis of the causal fungus, genomic Dna of each isolate was extracted using the ultraclean™ Microbial Dna Kit (Mo Bio, carlsbad, ca, uSa) according to the manufacturer's protocol.
PCR amplification was carried out using the following primers: itS1F (ctt ggt cat tta gag gaa gta a) (gaRDeS; BRunS 1993) and itS4 (tcc tcc gct tat tga tat gc) (White et al. 1990 ) as described by Weir e Johnston (2010) . amplicons were sequenced using both PcR primers and Dyenamic et Dye terminator cycle Sequencing Kit for MegaBace (amersham Biosciences). Sequences were manually aligned using Mega v.5 software (taMuRa, et al. 2011 ) by inserting gaps. the obtained sequences were aligned according to existing sequences in the ncBi database though the BLaStn program. consequently, nucleotide sequences of the itS region of four the isolates (accession numbers from Jx486016 to Jx486019) showed 100% homology with that of C. horii (No. GQ329687). These results agreed with those of previous reports that stated that C. horii causes persimmon anthracnose in china (xie et al. 2010) and new Zealand (WeiR; JoHnSton, 2010).
Pathogenicity tests were performed using 5 healthy 1-year-old persimmon plants cv. Fuyu, inoculating a suspension of 10 4 conidia/ml of isolate eMco11 prepared from colony growed on PDa medium for 7 days at 25ºc and a 12 h light/dark photoperiod. the conidia were sprayed on the plants using a manual microspray (Famastil taurus®) until the suspension ran off. the incidence and severity of the disease on the leaves were assessed daily. the severity of the disease was assessed using WinRhizo® when leaves fall down using a sample of 5 leaves per plant.
as a result, the lesions on the leaves and petioles appeared as small, circular necrotic black spots (Figures 1c and 1D ). on the leaves the lesions appeared after five days of the inoculation and they are elongated to a round shape reaching 1-10 mm in diameter, and the lesions increased in size over time to a maximum diameter of 35 mm and the leaves fell down when the severity reach 23%. along with tissue necrosis, conidial masses formed that exhibited a bright orange color. When the plants went into dormancy and during the assessment in the following year, no symptoms of the disease on the twigs had been detected for the first inoculation test.
in March of 2009, second pathogenicity tests were performed using 10 healthy, one-yearold persimmon plants cv. Fuyu that were being maintained in a 5 L container of sterilized soil at a greenhouse. the plants were inoculated by the same methodology as described for the first test. each isolate was inoculated into two plants. after inoculation, the plants were immediately placed in a moist chamber composed of plastic bags in a greenhouse at 25 °c under natural light conditions for 48 h to provide optimal infection conditions. the TWIG BLIGHT AND DEFOLIATION CAUSED BY Colletotrichum horii ... incidence of disease on the leaves and twigs was assessed during the first two months (before natural defoliation) and after 410 days (one month before the next natural defoliation) in May 2010. the incidence was calculated by mean of leaves with any symptoms of the disease related the total number of the leaves on the plant. For the twig blight it was counted the number of twigs of one year or two years-old per plant with disease symptoms in a total of twigs per plant. it was calculated incidence of twig canker.
all the inoculated plants exhibited small spots in areas on the leaf surface, mainly on veins and petioles, as observed in the first test, but no symptoms were observed on the twigs until at the beginning of winter. nevertheless, in the following year, symptoms were observed on the leaves, twigs and buds of the inoculated plants. the incidence of symptoms on the leaves ranged from 3-35% (table  1) . on the twigs, infections resulted in round or oval lesions with black streak (Figure 1e ) extended into the xylem, resulting in collapse with longitudinal cracking ( Figure 1F ). the average incidence of the symptoms appeared on 2-year-old twigs was 37.2 %, while that of 1-year-old twigs was 17.7%. on the buds, the symptoms were only observed on 4 buds of 2-year-old twigs.
We hypothesized that the pathogen survived during our experiment as an epiphyte or remained latent on buds or twigs after inoculation. the symptoms of the diseases on twigs were probably intensified by stresses caused by the high temperature and lack of water in the greenhouse during two weeks at winter time. Further studies on the development of the disease in different field conditions are mandatory to better understand this pathosystem.
anthracnose caused by C. horii is an emerging disease that may threaten the profitability of persimmons in Brazil. it is necessary extensive research on controlling this disease, including breeding programs for resistant cultivars to anthracnose, additional studies on the etiology and epidemiology of persimmon anthracnose are required to improve disease management strategies. also future research should investigate isolates of C. horii and its relationships with the host. EMCo7 (from Lapa), EMCo11 (from Bocaiúva do Sul), EMCo12 (from Quatro Barras), EMCo13 (from Campo Largo) and EMCo14 (from Quatro Barras). isolates eMco7, eMco12, eMco13 and eMco14 were isolated from twigs, eMco11 was isolated from fruit.
